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Introduction 

Night vision image intensification devices have become a 
critical technology for U.S. Army aviation. New system designs 
for the AN/AVS-6 Aviators Night Vision Imaging System (ANVIS) 
[Figure 11, as well as other image intensification (12) based 
imaging systems, are constantly being considered for use. As 
these proposed devices approach their test and evaluation phases, 
it is critical that methodology be available which can evaluate 
their performance in a timely and cost effective manner. This 
paper describes an enhanced integrated test system and 
methodology which can evaluate compliance with specific sections 
of MIL-A-49425(CR), Aviator8s Niuht Vision Imaaina System AN/AVS- 
6(V)l. ANIAVS-6(V)2 This system automates most of the 
procedural steps, providing increased efficiency and accuracy in 
the measurement of system field-of-view, magnification, and 
distortion parameters with a high degree of repeatability. 

Figure 1. Aviator's Night Vision Imaging System (ANVIS). 



25fCR) recuirementa 

The basic test methodologies and requirements for 
measurement of field-of-view, magnification, and distortion for 
ANVIS are provided in Military Specification MIL-A-49425(CR), 
Aviator's Niuht Vision maina Svstem AN/AVS-60711. ANIAVS-6(V)2 . 
Other I2 devices may have different criteria. 

ANVIS field-of-view acceptance criteria and measurement 
procedures are given in Sections 3.6.1 and 4.6.1 of MIL-A- 
49425(CR), respectively. The field-of-view is required to be 40 
degrees (circular) with a tolerance of +l to -2 degrees. 
Magnification criteria and procedures are given in Sections 3.6..2 
and 4.6.2, respectively. Magnification is reguired.to be unity 
(1X) with a + 5 percent tolerance. Distortion criteria and 
procedures are given in Sections 3.6.3 and 4.6.3, respectively. 
Distortion is not to be greater than 4 percent across the total 
field-of-view. 

The improved methodology described here is accomplished by 
automating most of the repetitive steps in the MIL-A-49425(CR) 
procedures required for the positioning, measuring, and 
documenting of the field-of-view and magnification parameters of 
the ANVIS. This automation is achieved through the use of a 
personal computer and specially developed software which controls 
most of the repetitive movements involved in the test procedures. 

The following sections describe the test apparatus, setup, 
and control program comprising this new methodology. 

Test apparatus 

The test setup described in this paper is an adaptation of 
that presented in MIL-A-49425(CR). The MIL-A-49425(CR) test 
setups for field-of-view and magnification are depicted in 
Figures 2 and 3, respectively. The improved setup reflects the 
modifications which automate the positioning and data collection 
procedures of the required methodology. A block diagram and a 
photograph of the improved setup are provided in Figures 4 and 5, 
respectively. 

The test apparatus designed for the improved methodology can 
be divided into three functional classifications: automation 
control, mechanical positioning and mounting, and optical 
viewing. 

. 

l 
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Collim/ator 
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ANVIS 

Figure 2. MIL-A-49425(CR) test setup for measuring field-of- 
view. 

Figure 3. MIL-A-49425(CR) test setup for measuring 
magnification. 



Figure 4. Block diagram of- semiautomated measurement system. 
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Figure 5. Photograph of full semiautomated test setup. 
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The automation components consist of a Dell* system 310 
computer using an Intel* 80386 microprocessor operating in a 
MicroSoft( DOS Version 5.0 environment. The computer is 
connected via a RS-232 interface to an Oriel Corporation* encoder 
MikeTM controller which provides control of stepping motors 
(Figure 5). 

The mechanical mounting and positioning components consist 
of various motors, rods, rod holders, carriers, jacks, and rails 
mounted on specially fabricated rotary tables which are attached 
to an optical bench. Two encoder DC motors are used to position 
the rotary tables for the required measurements. The large 
(14.25-inch diameter) rotary table holds the device under test 
and is used for both field-of-view and magnification measurements 
(Figure 6). The small (a-inch diameter) rotary table holds the 
minidioptometer and is used for magnification measurements only 
(Figure 7). 

Figure 6. Large rotary table used to mount the device under 
test for FOV and magnification measurements. 

-___-_____--_____ 

i See Appendix A. 
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Optical viewing is accomplished using a model N-3C aircraft 
gunsight and minidioptometer. The gunsight, consisting of a 
tungsten filament lamp, 0.025 mm X 7 mm slit, collimating lens, 
and attenuating filter, serves as the stationary target for 
field-of-view and magnification measurements (Figure 8). Any 
collimated source could be used as a replacement for the 
gunsight. 

i 

When ANVIS systems are under test, an AN/AVS-6(V)l mount is 
used to attach the ANVIS unit to the test setup and apply power 
(Figure 9). Figure 10 shows the attachment of a sample test 
system. 

. 
c 

f 

. 

Figure 7. The small (2-inch diameter) rotary table used to mount 
the minidioptometer for magnification measurements. 
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Figure 8. The gunsight used as a target for field-of-view 
and magnification measurements. 

Figure 9. AN/AVS-6(V)l mount used to attach ANVIS unit to 
the test setup and to apply power to ANVIS. 
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Figure 10. Attachment of a sample test system. 

A full listing of the components used in the described 
c&figuration, and their manufacturers, is provided in Table 1. 
This listing is not intended to be exclusive; functionally 
comparable components may be substituted as required. An 
exploded view of the test setup is depicted in Figure 11. 

Control program 

The control program for this methodology is written in GW- 
Basic and, in our laboratory, runs on a Dell system 310, 80386 DX 
computer operating at 33 MHz. (Note: This program will execute 
properly on any MS-DOS based system with GW-Basic.) There are 
four main objectives of the control program: 

1. To provide accurate control of the alignment, 
positioning, and movement of the rotary tables. 

2. To perform all mathematical operations required for the 
calculation of field-of-view, magnification, and distortion 
values. 

# 

. 

3. To provide hard copy output that summarizes test results. 
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4. To achieve high reliability in the measurement of field- 
of-view and magnification. 

The control program consists of seven basic elements. These 
are: instruction option, test item identification, setup and 
alignment, field-of-view measurement, magnification measurement, 
distortion calculation, and test results output. A simplified 
operational flow chart of the program is presented in Figure 12. 
A complete listing of the program is provided in Appendix B. 

Instruction ontion 

Initiating the program results in an option for a review of 
the test operating instructions. A 'YES' response will display a 
series of tutorial graphics and text screens which provide 
rudimentary training to the user. Successive screens depict 
images simulating the view of the illuminated slit through an 
ANVIS type device along with text describing the process. 
Examples are provided of the various positions of rotation along 
with descriptions to ensure proper alignment. The instruction 
section can be bypassed with a 'NO' response at the prompt. 

Test item identification 

The program prompts the user to provide test item 
identification data (Figure 13). These data include the type of 
device under test, the serial number, and an indication of 
optical channel (left, right, or n/a). In addition, field-of- 
view parameter requirements are requested. This allows for 
testing of nonstandard devices which may have field-of-view 
requirements that differ from ANVIS. An option for a NOTE line 
also is included to allow the entry of additional descriptive 
information. All of these data appear in the printed output of 
the performance results. 

Setun and alianment 

Following entry of identification data, the control program 
performs steps which establish alignment and initial settings. 
RS-232.communication is established via a null modem cable 
between the computer and the Oriel Encoder Mike controller. Once 
this is successful, the setup menu (Figure 14) displays the 
current settings for the active motor: motor speed, absolute and 
relative positions, and degree reference from relative zero. 
System status, BUSY or IDLE, is indicated also. 

The setup menu offers a selection of seven options. The 
first five options allow selection and adjustment of motors as 

11 
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0 Start 

Select instruction option 

Enter test item identification 
data and parameters 

Measure field-of-view 

Measure magnification 

I , 

1 

Calculate distortion 
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to printer 
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I 
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Figure 12. Simplified program control flow chart. 



CONTROL AND DATA COLLBCIION PROGRAM POR 
FOV, h4MNWICATION, & DISTORTION MEASUREMENTS 

1 ACTIVE MOTOR 

MOTOR SF’EED 

ABsPaition 

REL- 

LDENTlFlCATION FOR TRSTED DEVICE 

TYPE DEVICE 7 

SERIAL& 

ItEpTIRIoHT or N/k 

#Iv speldfaial limits 

LowesLimit uppexLimitz 

NOTE: 

Figure 13. Sample screen for identificption menu. 

CONTROL AND DATA CO-ON PROGRAM XX 
XX’, MAGNIFICATION, & DIsIwlTION m II 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

SELECT MOTOR 

RESET AaSOLuTE ZERO 

RESEI-RELAlXVEZERO 

Sm MOTOR SPEED 

MOVE TO A POSITION 

ooToFUNCTIONMENU 

EXITPR- 

Figure 14. Sample screen for setup menu. 
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well as setting of absolute and relative zero positions. Option 
1 allows selection between motor #l, which controls the large 
rotary table holding the device under test, and motor #2, which 
controls the small rotary table holding the mini-dioptometer. 
Option 2 allows the current position of the active motor to be 
defined as the absolute zero reference position. This absolute 
zero position is used as a straight ahead reference for equipment 
alignment. Option 3 provides for the setting of the relative 
zero position, allowing independent field-of-view measurements 
without altering the absolute zero setting. Option 4 provides 
setting of the motor speed between 50 to 200 microns per second. 
Option 5 allows movements of the motor either a set distance and 
direction or to a specific location. Moving a set distance 
requires input of direction, LEFT or RIGHT, and distance, entered 
in units of microns. (Note: 485 microns corresponds to 
approximately 1 degree of rotation.) Moving to a specific 
location requires input of location position in microns. In 
addition, direct movement to absolute or relative zero position 
is provided. 

Upon completion of all the alignments, the position counter 
resets, and the speed control settings, option 6, GOT0 FUNCTION 
MENU, is provided to begin actual testing. Option 7 is provided 
to exit the control program. 

Field-of-view measurement 

From the function menu (Figure 15), FIELD-OF-VIEW 
MEASUREMENT must be selected first, as the procedures for the 
other tests are dependent upon the field-of-view limits. At the 
field-of-view menu (Figure 16), the tester optically aligns the 
slit at the right and left extremes of the field-of-view. This 
is accomplished by movements of the large rotary table (motor 
#l). Rotation to the left is performed first to find one edge of 
the field-of-view. Once this edge is positioned, option 3 (RESET 
RELATIVE ZERO) is used to identify the starting point for the 
measurement. Rotation to the right then is required to locate 
the other edge of the field-of-view. Option 4 then is used to 
record the actual field-of-view into the program. 

Movement to the center of the field-of-view is accomplished 
with option 5 which calculates the field-of-view and center of 
the field-of-view in both microns and degrees (Figure 17). At 
this point, selection of submenu option 1 will move the large 
table to the center of the calculated field-of-view and reset the 
relative position to zero. 

. 

. 

This resetting of the relative scale to the center of the 
field-of-view is necessary for subsequent testing of 
magnification and distortion. At the conclusion of this movement 
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CONTROL AND DATA COLLBCIION PROGUM FOR 
FOV, MAGNIFICATION. & DBTORTION MEASUREMENTS 

ACllVE MOTOR 

MOTOR SPEED 

1 ‘<*<*<* FuNmON MPJU SELE(JIIoN l >*>*>* 

1. FlELD-o~vlEw MEAS- 

2. bfAGNIFICATlON & DISTORTION 

3. OUI’PW RESULTS TO PRINTRR 

4. REKJRN TO PREVIOUS MENU 

Figure 15. Sample screen for function menu. 

CONIROL AND DATA COUBCIION PRocHuM #IR 
#IV, MAGNIFICA’llON, & DIsroRnON - (I 

“C<< pIELD-oFvIEw >>>a 

1. MOVE IAR 

2. MOVE RlCilR 

3. REsETRELATNEZERO 

4. REORD mv 

s. CENTER OF POV CALCULATIONS 

6. REl’URNTO FUNCRON MRNU 

Figure 16. Sample screen for field-of-view measurement. 
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CONIROL AND DATA COLLBCl’ION PROGRAM FOR 
pov. MAGNEICATION, & DISTORTION MEASUREMENTS 

AC!lWE MOTOR 

MOTOR SPEED 

s?#mM Is IDLR u . se< SYS’IZM STATUS 2,’ 

CENTER OF FOV CALCULATIONS 

CURRENT FW? IS 40.627. 
CENTER OF mv - zO.314= 

CENTER OF #IV - lS0 MICRONS 

OR 0.309* 

FROM ABSOLum 0 

1.RESErRELATxVEoTOCENmRmv 

2EXITTHIShiENU 

Figure 17. Sample screen for center of field-of-view. 
\ f 

CONIROL AND DATA coLLBczION PROGRAM #IR 
POV, -‘IION, dt -ON MEAS- 

ACIlVE MOTOR 

PIEASE INSTALLTHE 
DIOPTO- & MOTOR 112 

#IR THE m PHASE. . . . . . . 

PRESS ANY KEY TO CONTHUE.. . . 

L 

. 

P 

. 

i 

Figure 18. Sample screen for minidioptometer installation. 



to the field-of-view center, the user will be prompted to install 
the minidioptometer that is mounted on motor #2 (Figure 18). 
With these items in place, the control program automatically will 
select motor #2 as the active motor and move into the 
minidioptometer alignment submenu. Left and right movement of 
motor I2 will be necessary to align the crosshairs of the mini- 
dioptometer to the slit (Figure 19). Once this position is 
identified, the relative scale for motor #2 must be reset to zero 
as its starting reference, using option 3 from this menu. These 
steps complete the field-of-view measurement portion and all 
necessary preparations for the subsequent magnification testing. 

Maunification measurement 

The magnification test procedure begins with the selection 
of the desired number of data point pairs (n), up to 20 pairs 
(Figure 20). Data are to be collected at corresponding angles on 
both sides of the optical axis. Rotation to the edge of the 
field-of-view sets the first point of data collection with each 
additional point recorded progressively through one rotation of 
the table to the other edge of the field-of-view. [Note: Only 
data obtained at the largest angle, i.e., full field-of-view, are 
used to calculate magnification. Data for intermediate angles 
are used in the distortion calculation.] 

The control program calculates the angular size of the steps 
based on the number of data point pairs requested and the range 
of the field-of-view. The large table is rotated automatically 
first to each point along the measurement region. The small 
rotational table holding the minidioptometer then is rotated 
automatically to the approximate corresponding angle after which 
small adjustments of the small table are required to align the 
crosshairs (Figure 21). When the alignment is achieved, the data 
point is recorded with a menu option. Subsequent movements to 
the remaining positions occur automatically until the last point 
is recorded. 

When the last data pair measurements are completed, the 
calculation of system magnification is performed using the 
following formula: 

M= tan 8, / tan e, 

where 

tan 9, = (tan 9, + tan8,‘) /2, tane, = (tan 0, + tan 8,')/2 
n = 1, denoting the semifield angle, 
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8, and !R,’ are the angles associated with the real image 
rotations within the magnification procedure, 

and 

e,, and e,I are the large rotary table angles associated with 
the point pair positions. 

Distortion calculation 
P 

Calculations for distortion are performed immediately 
following the magnification calculations. Distortion 
calculations are based on the theory presented in Section 4.6.3 
of MIL-A-49425(CR). Calculations are performed using the data 
from the magnification procedure. The distortion at any point is 
calculated as: 

D =&ziq, - M tan 9,)/M tan 9, x 100 

where M = the system magnification 

and n = respective point pairs. 

CONIROL AND DATA COLLEIION PROGRAM XX 
FdV, MAGNIFICATION, & DISTORIION MEASUREMENTS 

r 

L-1 AcrIVE MOTOR 

DIOPTOMEI’ER ALLIG- 
MOTOR SPEED 

f====jABs- 

1. MOVE LEE 

2. MOVE RXHT 

3.RESErTRLATIVEo 

IRELPosidon 4.ExlT 

iit!ztF 

-JsxDLB 

- - srmus >++ 

. 

Figure 19. Sample screen for minidioptometer alignment. 
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CONTROL AND DATA t!OLUCl’IOFi &OC&AM POR 
FOV, MAGNIFI~TION, & DISTORTION MEAS-S (I 

ACllVE MOTOR 

MOTOR SPEED 
MAGNIFICATION & DISTORTION TESTING 

1. SRLECI’ # OF DATA POINT PAIRS 

2. MOVE TO TEST SL4RT POSlTION 

3. START TEST 

4. m TO PREVIOUS MENU 

__.--- - 
Figure 20. Sabple screen #l for magnification and distortion 

testing. 
r b 

CONIROL AND DATA CO-ON PRCX8RA.M #IR 
FOV, IWGNE’ICATION. & DISTORTION MEASUREMENTS 

ACTIVE MOTOR 
AdAGNlFICATION & DISTORTION TESTINQ 

TOTAL t DATA FOiNTS - 6 
MOTOR SPEED CURRENT DATA POlNT - 1 

SlEPSlZEBETwEpN POINTS - 3283 

pqpBSpaab. 
1. MOVE LEFI’ 

2 MOW RRXIT 

RELF%xiida 3. RECORD DATA POXNT 

4. ABORT PROCESS (DATA WILL BE LOST) 

SYsmMxSmIa c 

<** SYsIBhd STATUS +>> 
4 / 

Figure 21. Sample screen X2 for magnification and distortion 
testing. 
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The program control returns to the function menu (Figure 
15)f where option 3 sends the test results to the printer. A 
test data output form (Figure 22) reports the test item 
identification data, the measured system field-of-view and 
magnification values, and the percent distortion values for all 
test points. PASSED/FAILED notation is used to indicate field- 
of-view and magnification test results. 

Option 4, RETURN TO PREVIOUS MENU, exits to the original 
setup menu (Figure 14) for realignment of the rotational motors 
to their zero position. The program should be restarted at this 
point for subsequent testing. This allows for the input of new 
identification data and clearing of all variables, arrays, 
counters, etc. 

DEVICE TYPE = AN/AVW$V)l TEST DATE = 11-22-1993 Time: 14:29:05 
W =960A TUBE = RIGHT 

RUN#lHHB 

FOV Specification Limits: 38 - 41 Degrees 
FIELD-OF-VIEW = 40.401 degrees - PASSED - 
MAGNIFICATION = 1.020X-PASSED - 

Center of FOV is 345 microns 
or .7 114957 degrees 

right of Absolute IZKI 

DISTORTIONDATA: . 

MAGNIFICATION VALIJEFOR GRAI'HTRIAL = 1.0197680 

Position in degrees 96 Diitortion 
20.2003 -0.0333 56 
16.8346 -0.5742 96 
13.4689 -0.6206 96 
10.1032 -1.2331 % 
6.7376 -1.2718 96 
3.3719 -2.1188 % 
3.3595 -1.7575 96 
6.7252 -1.0885 % 
10.0909 -1.1095 % 
13.4565 0.5258 % 
16.8222 -0.4967 96 
20.1879 0.0333 96 

. 

L 

7 

I 

e 
. 

r 

Figure 22. Sample test results output. 
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Measurement procedure 

Prior to beginning of the test procedures, the physical 
setup of the test hardware and optics must be aligned. With this 
achieved, the three test procedures are performed in the sequence 
of field-of-view, magnification, and distortion. Each subsequent 
test is dependent upon data from the previous measurement. 
Field-of-view and magnification require physical measurements; 
distortion is calculated using the magnification data. Detailed 
steps in performing the alignment tests are as follows: 

Physical eauinment setun and alisnment 

Step 1 Perform vertical alignment of target (gunsight), 
vee-mount, and vertical jack. 

Step 2 Rotate large table to visually align mounting bar on 
large table to target (gunsight). 

Step 3 Turn on tungsten filament lamp and adjust luminance to 
approximately lE-1 footlambert. 

Step 4 Mount device to be tested onto the large table. 

Measurement nroaram 

Step 1 Apply power to motor controller and initiate 
control program. 

Step 2 At instruction prompt, enter Y to review instructions 
or enter N to bypass instructions. 

Test item identification 

Step 3 Enter name of device under test, followed by 
<CR>, at 'TYPE DEVICE' prompt. This entry is 
limited to 20 characters. 

Step 4 Enter serial # of device under test, followed 
by <CR>, at 'SERIAL 8' prompt. This entry is 
limited to 20 characters. 

Step 5 For dual tube devices, enter LEFT or RIGHT to 
indicate the tube under test. For single 
tube systems, enter N/A. Follow entry with 
<CR>. 
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Step 

Step 

Step 

6 Enter the lower and upper design specifications, in 
degrees, for system field-of-view. For ANVIS, the 
lower limit is 39 and the upper limit is 41. Follow 
each entry with <CR>. 

7 At 'NOTE:' prompt, enter up to 20 characters 
which further describe the device under test. 
Follow entry with <CR>. 

8 If the entered test item identification data 
is correct, enter Y. If corrections are 
required, enter N and repeat steps 3-7. 

Setur, and alianment 

Step 9 

Step 10 

Step 11 

Step 12 

At motor prompt, select the large table motor 
by pressing 1. 

At SETUP menu, press 2 to reset absolute 
zero. 

Press 3 to reset relative zero. 

Press 4 to set the motor speed. Enter 200, 
followed by <CR>. 

Note: If a previous measurement 
to be selected at this point to 
zero. 

Step 13 Press 6 to advance to FUNCTION MENU. 

has been made, option 5 may need 
return the motor to absolute 

Step 14 At this menu screen press 1 to select field- 
of-view measurement. 

Field-of-view measurement 

Step 15 Looking through one monocular, rotate the 
platform to the left until the edge of the 
field is located. This is accomplished by 
pressing 1 and entering the desired number of 
micron steps to be moved, followed by <CR>. 
For ANVIS, this entry will be approximately 
10,000. 

I 

? 

E 

Step 16 By alternating between right (2) and left (1) 
motor movements, in decreasing size, position 
the slit on the extreme right edge of the 
field-of-view. 
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Step 17 

Step 18 

Step 19 

Step 20 

Step 21 

Step 22 

Press 3, which sets the relative zero 
position. 

Rotate the table to the right by pressing 2 
and repeating bracketing procedure until the 
slit is aligned with the left edge of the 
field-of-view. 

Press 4 to record the measured field-of view 
value. 

Press 5 to position the large table at the 
center of the measured field-of-view. At 
this point, measured values for the FOV and 
center of FOV will be displayed. 

Press 1 to reset relative zero to the center 
of the measured FOV. 

At the dioptometer installation prompt, set 
the dioptometer to infinity, position the 
dioptometer 15 mm behind the test device 
ocular, and press <any key> to continue. 
Motor #2 is selected automatically. 

Maunification 

Step 23 

Step 24 

Step 25 

Step 26 

Step 27 

To align the dioptometer crosshairs with the 
slit, select 1 and/or 2 to make the necessary 
motor movements. 

When alignment is achieved, press 3 to reset 
the relative zero position of motor #2. 

Press 4 to exit the DIOPTOMETER ALIGNMENT 
menu and return to the CENTER OF FOV 
CALCULATIONS menu. Press 2 to exit this menu 
and return to the FUNCTION menu. 

Press 2 to begin magnification measurement. 

Select the number of measurement pairs by 
pressing 1 and entering the desired value up 
to 20 (40 data points). An entry of 4 (8 
data points) is recommended for ANVIS 
systems. 
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Step 28 

Step 29 

Step 30 

Step 31 

Step 32 

Step 33 

Step 34 

Step 35 

Press 2 to move to the starting position. 
This results in the large table moving to the 
first data point position and the small table 
moving to an approximate corresponding 
position. 

Press 3 to begin the measurement. 

Use 1 and/or 2 to completely align the 
dioptometer crosshairs with the illuminated 
slit. When alignment is achieved, press 3 to 
record the data point. Movement to the next 
data point is automatic. 

Repeat 30 until each data point measurement 
is recorded. After the last data point 
measurement is completed, the program 
calculates magnification and distortion and 
returns to the FUNCTION menu. 

To output the test results, press 3. 

Press 4 to return to the SETUP menu. 

From the SETUP menu, press 1 for the motor 
selection, press 1 to select large rotary 
table motor, and press 5 followed by 1 to 
move to absolute zero. Press 3 to reset the 
relative zero position. 

From the SETUP menu, press 1 for motor 
selection, press 2 to select small rotary 
table motor, press 5 followed by 1 to move to 
absolute zero. Press 3 to reset relative 
zero position. 

Note: Steps 34 and 35 realign the test apparatus to its physical 
center for subsequent tests. It is recommended that the control 
program be halted and restarted before each test. This clears 
all program variables, flags, and data arrays. 

c 

7 

0 

Performance data 

To assess the reliability of the improved test methodology, 
a randomly selected ANVIS tube was repeatedly measured five 
times. For each test trial the tube was removed completely, 
remounted, and realigned. Six point pairs were used to obtain 
the distortion values. The five data reports are provided in 
Appendix C. 
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23. Distortion (in percent) as a function of angular 
position across the tube. 

Table 2 lists the field-of-view and magnification values for 
these trials. Table 3 lists the calculated distortion values for 
each point. These values are plotted as a function of the 
angular position of the point pairs in Figure 23. 

The repeatability of the distortion data is investigated in 
Table 4, where means and standard deviations for the values at 
each angular position for the five trials are presented. In the 
strictest sense, the five separate trials do not provide 

! distortion values for the exact same points. This is a result of 
the control program's method of determining distortion 
measurement points. Equally spaced points within the measured 

z field-of-view are determined based upon the field-of-field 
measurement. Since there is variation within the field-of-view 
measurements across trials (Table 2), each trial produces 
slightly different distortion measurement positions. However, 
due to the high repeatability in the FOV measurement, we consider 
these differences to be very small. 
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Table 2. 

Repeatability performance data. 

II FOV 
Trial # (in degrees) Magnification 

1 40.401 1.020x 
2 40.370 1.016X 
3 40.359 1.019x 
4 40.349 1.020x 
5 40.380 1.017x 

401372 1.018X 
0.020 0.002 

Table 3. 

Distortion values (in percent). 
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Table 4. 

Distortion data analysis. 

II Angular 
position Mean SD 

1 -0.0333 0.0176 
2 -0.4566 0.1738 
3 -0.5846 0.1471 
4 -1.0382 0.1507 
5 -1.4390 0.2450 
6 -1.7641 0.2165 
7 -1.4011 0.2484 
8 -1.2560 0.2015 
9 -0.9142 0.1263 

10 -0.4898 0.1146 
11 -0.3789 0.1558 
12 0.0333 0.0176 

Discussion 

These system components and software were assembled to speed 
up the process of data collection and increase the accuracy level 
of the measurements. Using a microprocessor to control the 
angular positioning of the tested device through the Mike encoder 
motors assures accuracy well within the required tolerances. The 
computer, through software, collects the data directly from the 
encoder positioner control interface and performs the required 
mathematical calculations and functions. This greatly reduces 
potential for human error and accelerates completion of the 
measurement task. 

29 



Reference 

Department of Defense. 1989. Military sDecification: Aviator's 
Niaht Vision Imaaina Svstem AN/AVS-6(V11, AN/AVS-6UT)2. 
Washington, DC: Department of Defense. MIL-A-49425 (CR) 

l 

“t 
. 

. 

30 



Appendix A. 

List of manufacturers 

Dell Computer Corporation 
9505 Arboretum Blvd 
Austin, TX 78759-7299 

Fisher Scientific Company 
4901-TW Lemoyne Ave 
Chicago, IL 60651 

Intel Corporation 
3065-T Bowers Ave 
Santa Clara, CA 95051 

Microsoft Corporation 
15220 Greenbrier Parkway 
Beaverton, OR 97006-9937 

Oriel Corporation 
250 Long Beach Blvd 
P.O. Box 872 
Stratford, CT 06497 

_ 
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Control program source code. 
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l()~****************************** 

2oREM** THIS PROGRAM IS DESIGNED FOR USE ** 
30REM* * WITH ORIEL MICRO POSITIONER EQUIPMENT USING A ** 
40REM * * NULL MODEM CABLE AND COM PORT 2 ON AN IBM-AT ** 
50 REM * * SYSTEM. WRITTEN BY J.S. MARTIN - 1992 ** 
60 REM * * Revision date 17 Feb 1993 ** 
70 REM * * THIS VERSION IS FOR COMBINED FOV / MAGNIFICATION / * * 
80 REM * * AND DISTORTION / USING 2 AXIS ROTATIONAL MOTORS * * 
85REM** ON THE BEASLEY TABLE SETUP ** 
gOR~**********+*************+******** 
100 CLS:KEY 0FF:SCREEN 9:COLOR 15,1,1 
101 LOCATE 10,20:PRINT" DO YOU WANT INSTRUCTIONS...(Y/N)?" 
102 V$=INKEY$:IF V$="" THEN 102 
103 IF V$= "Y" OR V$= "y" THEN GOSUB 9000:GOT0 110 
105 CLS 
110 REM *** variable declaration 
120 U1=O:U2=O:D1=O:F1=O:F2=O:F3=O:F4=O:M=O:PI=22/7:Ml$="Motor 
#l":M2$="Motor #2" 
122 TD$=DATE$:C$="" 
123 REM *** Ul t U2 = Spec limits for test item FOV *** 
125 DIM P1(30),P2(30),Q1(30),Q2(30),R2(30),D(30) 'Dimension 
arrays 
130 X1=85:X2=515:Y1=5:Y2=5O:B=l:Bl=l2 
140 GOSUB 610:01=1:B1=14:GOSUB 610:01=2:B1=12:GOSUB 610:01=0 
150 X1=10:X2=100:Y1=65:Y2=9O:B=l:Bl=l4 
160 GOSUB 610:01=1:B1=10:GOSUB 610:01=0 
170 X1=10:X2=100:Y1=105:Y2=130:B1=14 
180 GOSUB 610:01=1:B1=10:GOSUB 610:01=0 
190 X1=10:X2=100:Y1=147:Y2=172:B1=14 
200 GOSUB 610:01=1:B1=10:GOSUB 610:01=0 
210 X1=10:X2=100:Y1=190:Y2=215:B1=14 
220 GOSUB 610:01=1:B1=10:GOSUB 610:01=0 
230 X1=10:X2=100:Y1=230:Y2=255:B=l:Bl=l4 
240 GOSUB 610:01=1:B1=10:GOSUB 610:01=0 
250 X1=27:X2=228:Y1=272:Y2=303:B=l:Bl=l4 
260 GOSUB 610:01=1:B1=12:GOSUB 610:01=2:B1=14:GOSUB 610:01=0 
270 X1=250:X2=610:Y1=63:Y2=33O:Bl=lO 
280 GOSUB 610:01=1:GOSUB 610:01=2:GOSUB 610:01=0 
285 COLOR 14 
290 LOCATE 2,13:PRINT' CONTROL AND DATA COLLECTION PROGRAM FOR ' 
295 COLOR 10 
300 LOCATE 3,13:PRINT' FOV, MAGNIFICATION, 61 DISTORTION MEASUREMENTS" 
305 COLOR 15 
310 LOCATE 6,15:PRINT"ACTIVE MOTOR" 
315 LOCATE 9,15:PRINT"MOTOR SPEED" 
320 LOCATE 12,15:COLOR 12:PRINT"ABS Position" 
325 LOCATE 15,15:COLOR 14:PRINT"REL Position" 
330 LOCATE 17,15:COLOR 10:PRINTggDegrees from" 
335 LOCATE 18,15:PRINT"Relative 0":COLOR 11 
340 LOCATE 23,6:PRINT'<<< SYSTEM STATUS >>>':COLOR 15 
345 GOSUB 2500 
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350 REM *** SET-UP MENU *** 
355 CLS:COLOR 15:COLOR 14:LOCATE 6,34:PRINT" 
MENU >>>**":COLOR 15 
360 
370 
375 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 

LOCATE 9,42:PRINT"l. SELECT MOTOR" 
LOCATE 11,42:PRINT'2. RESET ABSOLUTE ZERO" 
LOCATE 13,42:PRINT'3. RESET RELATIVE ZERO' 
LOCATE 15,42:PRINT'4. SET MOTOR SPEED' 
LOCATE 17,42:PRINT'5. MOVE TO A POSITION' 
LOCATE 19,42:PRINT"6. GOT0 FUNCTION MENU" 
LOCATE 21,42:PRINT"7. EXIT PROGRAM" 
IF M=O THEN GOSUB 820:GOT0 350 
GOSUB 630:GOSUB 910:GOSUB 800 
V$=INEEY$:IF V$="" THEN 440 
IF V$="l"THEN GOSUB 820:GOT0 350. 
IF V$="2"THEN GOSUB 1000:GOTO 350 
IF V$='3"THEN GOSUB 1060:GOT0 350 
IF V$="4"THEN GOSUB 1140:GOT0 350 
IF V$="S"THEN GOSUB 1180:GOT0 350 
IF V$="6"THEN GOSUB 2000:GOT0 350 
IF V$="7"THEN GOSUB 1500:GOT0 350 
BEEP:GOTO 440 
END 
REM *** View port draw routine *** 
VIEW (X1+01,Y1+01)-(X2-01,Y2-Ol),B,Bl:RETURN 
REM * * OPEN COM PORT * * * 
OPEN "COM2:4800,N,8,1" AS #l 
GOSUB 670:GOSUB 710 
PRINT#l,"R":GOSUB 730:B$="":RETURN 
LOCATE 21,7:PRINT" I' 
RETURN 
LOCATE 21,7:COLOR 14:PRINT' SYSTEM IS IDLE '1 

:COLOR 15:GOSUB 998 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
845 
850 
860 
870 
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I 

F 

8 

RETURN 
LOCATE 21,7:COLOR 10:PRINT'SYSTEM BUSY-> WAIT...':COLOR 15 
RETURN 
REM * * / READ POSITIONER OUTPUT * * * 
FOR X=0 TO 1200:NEXT X 
WHILE NOT EOF(l) 
;$=;;yy(LOC(l),#l) 

WEiD 
RETURN 
REM * * * CLOSE COM PORT * * * 
PRINT#l,"L":GOSUB 730:B$= ":CLOSE:GOSUB 670:GOSUB 690:RETURN 
CLS:LOCATE 6,45:COLOR 14:PRINT'* * SELECT MOTOR * * " 
LOCATE 9,46:COLOR 15:PRINT"l. SELECT MOTOR #l' 
LOCATE 11,46:PRINT"2. SELECT MOTOR 12" 
GOSUB 995 
V$=INEEY$:IF V$="" THEN 850 
IF V$="l" THEN 890 
IF V$="2" THEN 900 

. 

0 
. 
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880 BEEP:GOTO 850 
890 GOSUB 630:GOSUB 730:PR1NT#1,"M1":M=1:LOCATE 6,3:PRINT Ml$ 
:GOSUB 910:GOSUB 800:RETURN 

900 GOSUB 630:GOSUB 730:PR1NT#1,"M2":M=2:LOCATE 6,3:PRINT M2$ 
:GOSUB 910:GOSUB 800:RETURN 
910 REM * * READ POSITION DATA * * 
920 B$="":PRINT#l,"A":GOSUB 730:A=VAL(B$):B$="":PRINT#l,"P" 
:GOSUB 73O:R=VAL(B$):B$="" 
930 LOCATE 12,3:PRINT " ":LOCATE 12,3:PRINT A 
940 LOCATE 15,3:PRINT " ":LOCATE 15,3:PRINT R 
950 LOCATE 18,3:PRINT ' ":LOCATE 18,3:Rl=R/484.894:PRINT 
USING "###.X#X";Rl;:PRINT CHR$(248) 
960 B$="":PRINTXl, "1":GOSUB 730:S=WAL(MID$(B$,7,3)):LOCATE 9,3:PRINT" 

":LOCATE 9,5:PRINT S:RETURN 
970 REM * * * Check System for BUSY signal * * * 
980 B$="":PRINTXl, t8Zt~:GOSUB 730:IF B$o"a" THEN 980 
990 RETURN 
995 SOUND 450,7:SOUND 350,5.5:RETURN 
998 FOR X=1 TO 3:SOUND 475,.8:FOR Z=O TO 650:NEXT Z:NEXT X:RETURN 
1000 CLS:LOCATE 9,53:PRINT"Ready to ":COLOR 14:LOCATE 10,50:PRINT 
"RESET ABSOLUTE " ;:COLOR 15:LOCATE 11,5O:PRINT"counter to zero" 
1010 LOCATE 13,48:COLOR 10:PRINT"ARE YOU SURE Y/N ?":COLOR 15 
1020 V$=INEEY$:IF V$="" THEN 1020 
1030 IF V$="Y"OR V$="y" THEN 1120 
1040 IF V$="N"OR V$="n" THEN RETURN 
1050 BEEP:GOTO 1020 
1060 CLS:LOCATE 9,53:PRINT"Ready to ":COLOR 14:LOCATE 10,50:PRINT 
"RESET RELATIVE " ;:COLOR 15:LOCATE 11,5O:PRINT"counter to zero" 
1070 LOCATE 13,48:COLOR 10:PRINT"ARE YOU SURE Y/N ?":COLOR 15 
1080 V$=INKEY$:IF V$="" THEN 1080 
1090 IF V$="Y"OR V$="y" THEN 1130 
1100 IF V$="N"OR V$="n" THEN RETURN 
1110 BEEP:GOTO 1080 
1120 CLS:GOSUB 630:PRINT#l,"CA":GOSUB 730:B$="":GOSUB 910 
:GOSUB 800:RETURN 
1130 CLS:GOSUB 630:PRINT#l,"CR":GOSUB 730:B$="":GOSUB 910 
:GOSUB 800:RETURN 
1140 CLS:LOCATE 13,45:PRINT"Enter new SPEED value":LOCATE 
14,45:PRINT"BETNEEN (.5 <--> 200)" 
1150 LOCATE 17,48:INPUT "New Speed";S 
1160 IF SC .5 OR S>200 THEN 1150 
1170 GOSUB 630:PRINT#1,"V";S:GOSUB 910:GOSUB 800:RETURN 
1180 REM *** Move the motors routine *** 
1190 CLS:V$- -"":LOCATE 6,45:COLOR 14:PRINT"<< MOVEMENT MENU >>" 
:COLOR 15 
1200 LOCATE 9,42:PRINT"l. MOVE TO ABSOLUTE ZERO" 
1210 LOCATE &42:PRINT"2. 
1220 LOCATE 13,42:PRINT"3 
1230 LOCATE 15,42:PRINT"4: 
1240 LOCATE 17,42:PRINT"S. 

MOVE TO RELATIVE ZERO" 
MOVE TO SPECIFIC POSITION" 
MOVE SET DISTANCE t DIRECTION" 
RETURN TO PREVIOUS MENU" 
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1250 V$=INKEY$:IF V$="" THEN 1250 
1260 IF V$="l" THEN GOSUB 1320:GOT0 1180 
1270 IF V$="2" THEN GOSUB 1350:GOT0 1180 
1280 IF V$="3" THEN GOSUB 1380:GOT0 1180 
1290 IF V$="4" THEN GOSUB 1450:GOT0 1180 
1300 IF V$="5" THEN V$="":RETURN 
1310 BEEP:GOTO 1250 
1320 REM * * * MOVE TO ABSOLUTE ZERO * * * 
1330 CLS:LOCATE 13,44:COLOR 12:PRINT 'MOVING TO ABSOLUTE ZERO' 
:COLOR 15 
1340 GOSUB 630:PRINT #l,"G 0":GOSUB 970:B$="":GOSUB 910 
:GOSUB 800:RETURN 
1350 REM * * * MOVE TO RELATIVE ZERO * * * 
1360 CLS:LOCATE 13,44:COLOR 12:PRINT 'MOVING TO RELATIVE ZERO' 
:COLOR 15 
1370 GOSUB 630:IF R<O THEN J=ABS(R) ELSE J=R-(R*2) 
1372 PRINT #~,"T";J:GOSUB 970:B$ ="":GOSUB 910:GOSUB 800:RETURN 
1380 REM * * * MOVE TO SPECIFIC POSITION" 
1390 CLS:LOCATE 9,42:PRINT"ENTER THE ";:COLOR 14:PRINT"ABSOLUTE 
";:COLOR 15:PRINT"POSITION" 
1400 LOCATE 10,46:PRINT"TO MOVE TO" 
1410 LOCATE 12,42:PRINT"Include Neg (0) sign as appropriate" 
1420 LOCATE 15,42:INPUT"< -999999 to 999999 >";N 
1430 IF NC -999999! OR N> 999999! THEN LOCATE 15,41:PRINT " 

":BEEP:GOTO 1420 
1440 GOSUB 630:GosuB ~~~:B$="":PRINT X~,"G";N:GOSUB 970:B$="" 
:GOSUB 910:GOSUB 800:RETURN 
1450 REM *** MOVE DIRECTION & DISTANCE *** 
1455 CLS:LOCATE 9,42:PRINT'LEFT OR RIGHT MOVEMENT (L/R)' 
1460 V$=INKEY$:IF V$="" THEN 1460 
1465 IF V$="R" OR V$="r" THEN 1470 
1466 IF V$="L" OR V$="l" THEN 1480 
1468 BEEP:GOTO 1450 
1470 CLS:COLOR 14:LOCATE 11,40:PRINT"ENTER # STEP TO MOVE R-I-G-H-T' 
1475 LOCATE 13,45:INPUT N:GOSUB 1490:RETURN 
1480 CLS:COLOR 14:LOCATE 11,40:PRINT"ENTER # STEP TO MOVE L-E-F-T" 
1485 LOCATE 13,45:INPUT N:N==N-N*2:GOSUB 1490:RETURN 
1490 GOSUB 630:GOSUB 730:B$= "":PRINT #l,"T";N:GOSUB 970:B$="":GOSUB 
910:GOSUB 800:RETURN 
1500 CLS:LOCATE 12,43:PRINT"ARE YOU SURE (Y/N)?" 
1510 V$=INKEY$:IF V$="" THEN 1510 
1520 IF V$="y" OR V$="Y" THEN 1540 
1530 IF V$="n" OR V$="N" THEN RETURN 
1540 VIEW:CLS:SCREEN 0:ON ERROR GOT0 0:END 

. 

(' c 
2000 REM *** FUNCTLON MENU SELECTION *** 
2010 CLS:COLOR 14:LOCATE 6,35:PRINT" *<*<* FUNCTION MENU SELECTION ~ 
*>*>*":COLOR 15 
2020 LOCATE 9,42:PRINT'l. FIELD-OF-VIEW MEASUREMENT' 
2030 LOCATE 11,42:PRINT"2. MAGNIFICATION & DISTORTION' 
2040 LOCATE 12,51:PRINT"MEASUREMENTS" 
2050 LOCATE 14,42:PRINT'3. OUTPUT RESULTS TO PRINTER" 
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2060 
2070 
2080 
2090 
2100 
2110 
2120 
2500 
2510 
2520 
2530 
2540 
2545 
2546 

LOCATE 16,42:PRINT"4. RETURN TO PREVIOUS MENU" 
V$=INKEY$:IF V$="" THEN 2070 
IF V$="l" THEN GOSUB 3000:GOT0 2010 
IF V$="2" THEN GOSUB 4000:GOT0 2010 
IF V$="3" THEN GOSUB 7000:GOT0 2010 
IF V$="4" THEN V$="":RETURN 
BEEP:GOTO 2070 
REM *** GET ID DATA FOR TESTED DEVICE *** 
CLS:LOCATE 6,35:PRINT'IDENTIFICATION FOR TESTED DEVICE' 
LOCATE 9,40:PRINT"TYPE DEVICE:" 
LOCATE 11,40:PRINT"SERIAL #:" 
LOCATE 13,40:PRINT"LEFT/RIGHT or N/A:" 
LOCATE 15,40:PRINT"FOV Specification limits " 
LOCATE 16,33:PRINT"Lower Limit :":LOCATE 16,55:PRINT "Upper 

Limit:" 
2550 LOCATE 9,52:INPUT D$ 
2560 LOCATE 11,SO:INPUT Sl$ 
2565 LOCATE 13,59:INPUT T2$ 
2568 LOCATE 16,45:INPUT Ul 
2570 LOCATE 16,67:INPUT U2 
2575 LOCATE 19,35:PRINT "NOTES: " 
2576 LOCATE 19,42:INPUT C$ 
2580 CLS:LOCATE 6,35:COLOR 14:PRINT'TEST ID DATA:' 
2590 LOCATE 9,40:PRINT'DEVICE TYPE IS: ';:COLOR 15:PRINT D$:COLOR 14 
2600 LOCATE 11,40:PRINT'SERIAL # IS: ';:COLOR 15:PRINT Sl$:COLOR 14 
2610 LOCATE 13,40:PRINT'SELECTED TUBE IS: ';:COLOR 15:PRINT T2$ 
:COLOR 14 
2611 LOCATE 15,35:PRINT"FOV Specification Limits:";:COLOR 15:PRINT 
Ul;" -";U2:COLOR 14 
2615 LOCATE 17,45:PRINT 'NOTES. l ':COLOR 15:LOCATE 18,35:PRINT C$ 
2620 LOCATE 20,35:PRINT'IS THIS CORRECT? (Y/N)@' 
2630 V$=INKEY$:IF V$="" THEN 2630 
2640 IF V$="N" OR V$="n" THEN 2500 
2650 IF V$="Y" OR V$="y" THEN RETURN 
2660 BEEP:GOTO 2630 
3000 REM *** FOV MENU *** 
3010 CLS:COLOR 14:LOCATE 6,35:PRINT' <--<--<- FIELD-OF-VIEW 
->->->":COLOR 15 
3020 LOCATE 9,42:PRINT"l. MOVE LEFT" 
3030 LOCATE 11,42:PRINT"2. MOVE RIGHT" 
3040 LOCATE 13,42:PRINT"3. RESET RELATIVE" 
3050 LOCATE 15,42:PRINT"4. RECORD FOV" 
3060 LOCATE 17,42:PRINT"5. CENTER OF FOV CALCULATIONS" 
3070 LOCATE 19,42:PRINT'6. RETURN TO FUNCTION MENU" 
3080 V$=INKEY$:IF-V$="" THEN 3080 
3090 IF V$="l" THEN GOSUB 3200:GOT0 3010 
3100 IF V$="2" THEN GOSUB 3300:GOT0 3010 
3110 IF V$='3" THEN GOSUB 1060:A4=A:GOTO 3010 
3120 IF V$=="4" THEN GOSUB 3400:GOT0 3010 
3130 IF V$="5" THEN GOSUB 3500:GOT0 3010 
3140 IF V$="6" THEN RETURN 
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3150 BEEP:GOTO 3080 
3200 REM * * * MOVE LEFT * * * 
3210 CLS:COLOR 14:LOCATE 11,40:PRINT"ENTER # STEP TO MOVE L-E-F-T" 
3220 LOCATE 13,45:INPUT N:N=N-N*2:GOSUB 1490:RETURN 
3300 REM * * * MOVE RIGHT * * * 
3310 CLS:COLOR 14:LOCATE 11,40:PRINT"ENTER # STEP TO MOVE R-I-G-H-T" 
3320 LOCATE 13,45:INPUT N:GOSUB 1490:RETURN 
3400 REM *** RECORD FIELD OF VIEW MEASUREMENT *** 
3410 CLS:LOCATE 6,34:PRINT"RECORD FIELD-OF-VIEW MEASUREMENT" 
3420 LOCATE 9,40:PRINT"THE CURRENT FOV IS: ";:PRINT USING "###.##I%"; 
Rl;:PRINT CHR$(248) 
3430 LOCATE 12,42:COLOR 12:PRINT"IS THIS CORRECT (Y/N)" 
3440 V$=INEEY$:IF V$=="" THEN 3440 
3450 IF V$="N" OR V$=%" THEN RETURN 
3460 IF V$="Y" OR V$="y" THEN 3480 
3470 BEEP:GOTO 3440 
3480 Fl=Rl:F2=R:F4=A:RETURN 
3500 REM *** CENTER OF FOV CALCULATIONS *** 
3510 CLS:LOCATE 6,4O:COLOR 14:PRINT"CENTER OF FOV CALCULATIONS" 
3520 LOCATE 8,35:PRINT"CURRENT FOV IS ";:PRINT USING "###.###";Fl; 
:PRINT CHR$(248) 
3530 D=(F2*.5)-F4:R3=F2*.5:R31FIX(R3) 
3540 LOCATE 10,35:PRINT"CENTER OF FOV =";:PRINT USING "###.###"; 
(.5*F2)/484.894;:PRINT CHR$(248) 
3560 LOCATE 12,35:PRINT"CENTER OF FOV IS ";D;"MICRONS " 
3570 LOCATE 13,49:PRINT"OR";: PRINT USING "###.###";D/484.894;:PRINT 
CHR$(248) 
3580 LOCATE 14,48:PRINT"FROM ABSOLUTE 0":COLOR 15 
3590 LOCATE 16,35:PRINT"l. RESET RELATIVE 0 TO CENTER FOV" 
3600 LOCATE 18,35:PRINT"2. EXIT THIS MENU" 
3610 V$=INEEY$:IF V$="" THEN 3610 
3620 IF V$="l" THEN GOSUB 3700:F3=1:RETURN 
3630 IF V$="Z" THEN RETURN 
3640 BEEP:GOTO 3610 
3700 REM *** MOVE TO HALF FOV *** 
3710 CLS:LOCATE 6,35:COLOR 12:PRINT"THIS PROCESS WILL TAKE A FEW 
MINUTES" 
3711 LOCATE 7,35:PRINT"PLEASE WAIT 'I . . . . . . . . 
3712 LOCATE 10,40:COLOR 14:PRINT"MOVING TO CENTER OF FOV...." 
3713 GOSUB 630:GOSUB 730:B$- -"":D2=R3-(R3*2):PRINT #l,"T";D2: 
GOSUB 970:B$="" 
3714 LOCATE 10,40:COLOR 14:PRINT"RESETING RELATIVE O........" 
3715 PRINT #~,"CR":GOSUB 730:B$="":~ostm 9lo:Gosw3 800 
3716 FOR X=1 TO 2000:NEXT X 
3718 GOSUB 995:CLS:LOCATE 7,35:PRINT"PLEASE INSTALL THE " 
3719 LOCATE 8,40:PRINT"DIOPTOMETER t MOTOR X2" 
3720 LOCATE 9,38:PRINT"FOR THE NEXT PHASE..........":GOSUB 995 
3721 LOCATE 13,35:PRINT"PRESS ANY KEY TO CONTINUE . .." 
3722 V$=INKEY$:IF V$="" THEN 3722 
3725 GOSUB 900 
3726 CLS:LOCATE 6,35:COLOR 14:PRINT"DIOPTOMETER ALIGNMENT":COLOR 15 
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3730 
3735 
3740 
3745 
3750 
3760 
3765 
3770 
3775 
3780 
4000 
4010 
4020 
4022 
4023 

LOCATE 9,42:PRINT"l. MOVE LEFT" 
LOCATE 11,42:PRINT"2. MOVE RIGHT" 
LOCATE 13,42:PRINT'3. RESET RELATIVE 0' 
LOCATE 15,42:PRINT"4. EXIT" 
V$=INKEY$:IF V$="" THEN 3750 
IF V$="l" THEN GOSUB 3200:GOT0 3726 
IF V$="2" THEN GOSUB 3300:GOT0 3726 
IF V$="3" THEN GOSUB 1060:GOT0 3726 
IF V$="4" THEN RETURN 
BEEP:GOTO 3750 
REM *** MAGNIFICATION t DISTORTION MEASUREMENTS *** 
CLS:IF F3 THEN 4030 
LOCATE 9,35:PRINT"FIELD-OF-VIEW MEASUREMENTS MUST BE ' 
LOCATE 11,35:PRINT'COMPLETED BEFORE THIS PROCESS' 
LOCATE 13,35:PRINT"CAN BE ACCOMPLISHED" 

4025 LOCATE 15,35:COLOR 14:PRINT'PRESS ANY KEY TO CONTINUE..... 
":COLGR 15 
4026 GOSUB 995 
4027 V$=INKEY$:IF V$="" THEN 4027 
4028 RETURN 
4030 LOCATE 6,35:COLOR 14:PRINT'MAGNIFICATION C DISTORTION 
MEASUREMENTS":COLOR 15 
4040 
4050 
4060 
4065 
4070 
4080 
4090 
4100 
4110 
4120 
4500 
4510 
4520 
4525 
4530 
4540 
4550 

LGCATE 9,40:PRINT'l. SELECT # OF DATA POINT PAIRS' 
LOCATE 11,40:PRINT'2. MOVE TO TEST START POSITION' 
LOCATE 13,40:PRINT"3. START TEST" 
LOCATE 15,40:PRINT'4. EXIT TO PREVIOUS MENU' 
V$=INKEY$:IF V$="" THEN 4070 
IF V$="l" THEN GOSUB 4500:GOT0 4000 
IF V$="2" THEN GOSUB 4800:GOT0 4000 
IF V$="3" THEN GOSUB 5000:RETURN 
IF V$="4" THEN RETURN 
BEEP:GOTO 4070 
REM *** get number of data point pairs *** 
CLS:LOCATE 9,35:PRINT"Enter the number of data point pairs" 
LOCATE 10,35:PRINT"for Magnification 61 Distortion testing:" 
LOCATE 12,37:PRINT"MAX POSSIBLE IS 20" 
LOCATE 14,40:INPUT NP 
CLS:LOCATE 9,35:PRINT"You have selected";NP;"DATA POINT PAIRS" 
Sl=FIX(RS/NP):LOCATE 11,35:PRINT"This will be";NP*2;"data .~ 

points" 
4555 LOCATE 13,35:PRINT"Step size between data points " 
4560 LOCATE 14,35:PRINT'"will be";Sl;g'microns or";:PRINT USING 
"###.###';Sl/484.894;:PRINT CHR$(248) 
4570 NS=NP-l:LOCATE 16,SS:PRINT"There will be";NS+l;"data points on " 
4580 LGCATE 17,35:PRINT"each side of center" 
4590 LOCATE 20,40:PRINT"Is this correct (Y/N)?" 
4600 V$=INKEY$:IF V$="" THEN 4600 
4610 IF V$="Y" OR V$="y" THEN 4650 
4620 IF V$="N" OR V$="n" THEN 4500 
4630 BEEP:GOTO 4600 
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4650 Dl=l:RETURN 
4800 REM *** Move to Magnification / Distortion test starting Point 
4805 CLS:IF Dl=O THEN 4870 
4810 LOCATE 8,35:COLOR 14:PRINT"READY to MOVE to TEST START POSITION" 
4820 LOCATE 10,49:PRINT"(Y/N)":COLOR 15 
4830 V$=INKEY$:IF V$="" THEN 4830 
4840 IF V$="Y" OR V$="y" THEN 4900 
4850 IF V$="N" OR V$="n" THEN RETURN 
4860 BEEP:GOTO 4830 
4870 LOCATE 8,35:COLOR 14:PRINT "Number of data point must be " 
4875 LOCATE 9,35:PRINT"entered before movement" 
4880 LOCATE 11,40:PRINT"PRESS ANY KEY TO CONTINUE....":COLOR 15 
:GOSUB 998 
4885 V$=INKEY$:IF V$="" THEN 4885 
4890 RETURN 
4900 REM *** move to start position *** 
4910 GOSUB 890:GOSUB 630:PRINT #l,"T";R3:GOSUB 970:B$="" 
:GOSUB 910:GOSUB 800 

4920 GOSUB 900:xl=R3-(R3*2):GosuB ~~O:PRINT #~,"T";x~:GosUB 970: 
B$="":GOSUB 910 :GOSUB 800:GOSUB 995 
4990 D4=1:RETURN 
5000 REM *** start test for magnification *** 
5010 CLS:IF Dl-0 THEN 5020 ELSE 5040 
5020 LOCATE 9,35:COLOR 14:PRINT"Number of DATA POINT PAIRS" 
5025 LOCATE 10,35:PRINT"must be selected before TESTING can begin" 
:COLOR 15 
5027 LOCATE 13,35:PRINT "PRESS ANY KEY TO CONTINUE":GOSUB 998 
5030 V$=INKEY$:IF V$="" THEN 5030 
5035 RETURN 
5040 IF D4=0 THEN 5042 ELSE 5050 
5042 LOCATE 9,35:COLOR 14:PRINT"LARGE TABLE MUST BE AT START 
POSITION" 
5043 LOCATE 10,35:PRINT"BEFORE TESTING CAN BEGIN.......":COLOR 15 
5044 LOCATE 13,35:PRINT"PRESS ANY KEY TO CONTINUE":GOSUB 998 
5045 V$=INKEY$:IF V$="" THEN 5045 
5046 RETURN 
5050 CLS:LOCATE 14,35:PRINT"SETTING UP... PLEASE WAIT":GOSUB 900 
5053 FOR K=l TO NP*2 
5055 CLS:LOCATE 6,35:COLOR 14:PRINT"MAGNIFICATION f DISTORTION 
TESTING":COLOR 15 
5060 LOCATE 8,35:PRINT"TOTAL # DATA POINTS -";NP*2 
5070 LOCATE 9,35:PRINT"CURRENT DATA POINT -" 
5080 LOCATE 10,35:PRINT"STEP SIZE BETWEEN POINTS -";Sl 
5090 LOCATE 12,35_:PRINT "1. MOVE LEFT" 
5100 LOCATE 14,35:PRINT "2. MOVE RIGHT" 
5110 LOCATE 16,35:PRINT "3. RECORD DATA POINT" 
5120 LOCATE 18,35:PRINT "4. ABORT PROCESS (DATA WILL BE LOST)" 
5130 LOCATE 9,55:PRINT K 
5140 V$=INKEY$:IF V$="" THEN 5140 
5150 IF V$="l" THEN GOSUB 3200:GOT0 5055 

. . 
I 

1 
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, 

LINE (180,100)-(180,200),15 
RETURN 
REM *** crosshair draw mid point *** 
LINE (200,150)-(290,150),15 
LINE (245,100)-(245,200),15 
RETURN 
REM *** crosshair draw center *** 
LINE (255,150)-(345,150),15 
LINE (300,100)-(300,200),15 
RETURN 
REM *** slit at mid point *** 
LINE (240,70)-(250,70),2 
LINE (240,220)-(250,220),2 
LINE (240,70)-(240,220),2 
LINE (250,70)-(250,220),2 
PAINT (245,100),2,2 
RETURN 

9220 
9230 
9240 
9250 
9260 
9270 
9280 
9290 
9300 
9310 
9320 
9330 
9340 
9350 
9360 
9370 
9380 
9390 
9400 
9410 
9420 
9430 
9440 
describe" _ 
9450 LOCATE 21,15:PRINT"what to look for while doing the 
Field-of-View," 
9460 LOCATE 22,15:PRINT"Magnification & Distortion testing 
9470 GCSUB 9390 
9480 CLS:GOSUB 9150:GOSUB 9010 
9490 COLOR 10 
9500 LOCATE 21,15:PRINT"The initial view through the ANVIS 
that of" 
9510 LOCATE 22,15:PRINT"a slit of light in the approximate 
9520 GOSUB 9390 
9530 CLS:GOSUB 908O:GOSUB 9150 
9540 COLOR 2 

LOCATE 1,24:PRINT"PRESS ANY KEY TO CONTINUE...n 
V$=INKEY$:IF V$="" THEN 9400 
LOCATE 1,24:PRINT" 
RETURN 

CLS:COLOR 2 

n 

LOCATE 20,15:PRINT "This is a brief instructional outline to 

‘I 

will be 

center " 

9550 LOCATE 21,15:PRINT"Field-of-View will be measured first by 
rotating" 
9560 LOCATE 22,lS:PRINT"the large table, (motor Yl), until the slit 
appears " 
9570 LOCATE 23,15:PRINT"to be halved by the edge of the ANVIS tube " 
9580 GOSUB 9390 
9590 COLOR 7 
9600 LOCATE 21,15:PRINT"Move left or right as needed with the 
computer controls'! 
9610 LOCATE 22,lS:PRINT"to align the image. Once completed record 
the position" 
9620 LOCATE 23,15:PRINT"at the computer, then repeat for the opposite 
side" 
9630 GOSUB 9390 
9640 CLS:GOSUB 9150:GOSUB 9010 
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9650 COLOR 15 
9660 LOCATE 21,15:PRINT~~With the FOV recorded, the system should be 
reset II 
9670 LOCATE 22,15:PRINT@%o the center of the FOV and the Dioptometer 
will be I* 
9680 LOCATE 23,15:PRINTlladded to the configuration for the 
magnification measurements." 
9690 GOSUB 9390 
9700 GOSUB 9280 
9710 COLOR 14 
9720 LOCATE 21,15:PRINT@@You now move the small table, (motor X2), 
left/right I@ 
9730 LOCATE 22,15:PRINT"with the computer controls to align the 
crosshair of" 
9740 LOCATE 23,15:PRINTl%he Dioptometer with the center of the slit." 
9750 GOSUB 9390 
9760 CLS:GOSUB 9080:GOSUB 9150 
9770 COLOR 3 
9780 LOCATE 21,15:PRINT@lData will then be collected for Magnification 
and" 
9790 LOCATE 22,15:PRINTl@Distortion at selected points. The first and 
last" 
9800 LOCATE 23,15:PRINT@@points will again be at the extremes of the 
FOV." 
9810 GOSUB 9390 
9820 GOSUB 9200:COLOR 11 
9830 LOCATE 21,15:PRINT@When aligning the crosshair at these extremes 
use" 
9840 LOCATE 22,lS:PRINT"the EDGE of the TUBE not the center of the 
remaining" 
9850 LOCATE 23,15:PRINTl@portion of the slit." 
9860 GOSUB 9390 
9870 CLS:GOSUB 9150:GOSUB 9320:GOSUB 9240 
9880 COLOR 11 
9890 LOCATE 21.15:PRINTl~For data points other than the extremes use 
the center" * 
9900 LOCATE 22,lS:PRINTllof the 
9910 GOSUB 9390 
9920 COLOR 14:CLS 
9930 LOCATE 16,15:PRINT~~Please 
turned on" 
9940 LOCATE 18,15:PRINTllbefore 
9950 GOSUB 9390 

slit to align the crosshair. 

insure that the Oriel Controller is 

continuing........" 

l 

9960 CLS:SCREEN 9:COLOR 15,1,1:RETURN 
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Appendix C. 

Test reports. 

45 



DEVICE TYPE =AN/AVS-G(V)1 'TEST DATE =ll-22-1993 Time:14:29:05 
SERIALIY =960A TUBE =RIGHT 

RUN #l HHB 

FOV Specification Limits: 38 - 41 Degrees 
FIELD-OF-VIEW.= 40.401 degrees- PASSED - 
MAGNIFICATION = 1.020X- PASSED - 

Center of FOV is 345 Microns 
or 7114957 degrees 

right of Absolute iero 

DISTORTION DATA: 
MAGNIFICATION VALUE FOR GRAPH TRIAL = 1.019768Q 

Position in degrees X Distortion 
20.2003 -0.0333 x 
16.8346 -0.5742 X 
13.4689 -0.6206 X 
10.1032 -1.2331 X 

6.7376 -1.2718 % 
3.3719 -2.1188 X 
3.3595 -1.7575 x 
6.7252 -1.0885 X 

10.0909 -1.1095 x 
13.4565 -0.5258 X 
16.8222 -0.4967 X 
20.1879 0.0333 x 
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DEVICE TYPE =AN/AVS-G(V)1 TEST DATE =ll-22-1993 Time:15:18:00 
SERIAL# =960A TUBE =RIGHT 

RUN #2 HHB 

FOV Specification Limits: 38 - 41 Degrees 
FIELD-OF-VIEW = 40.370 degrees- PASSED - 
MAGNIFICATION = 1.016X- PASSED - 

Center of FOV is 287.5 Microns 
or .5929131 degrees 

right of Absolute zero 

DISTORTION DATA: 
MAGNIFICATION VALUE FOR GRAPH TRIAL = 1.0164300 

Position in degrees X Distortion 
20.1838 -0.9111 % 
16.8202 -0.1890 % 
13.4565 -0.3401 x 
10.0929 -0.8157 X 

6.7293 -1.1903 % 
3.3657 -1.5258 X 
3.3616 -1.4047 x 
6.7252 -1.1292 x 

10.0888 -0.7742 $6 
13.4524 -0.3084 X 
16.8160 -0.1630 X 
20.1797 0.0111 x 



DEVICE TYPE =ANAVS-G(V)1 TEST DATE =ll-22-1993 Time:16:15:08 
SERIALi =960A TUBE =RIGHT 

RUN #3 HHB 

FOV Specification Limits: 38 - 41 Degrees 
FIELD-OF-VIEW = 40.359 degrees- PASSED - 
MAGNIFICATION = 1.019X- PASSED - 

Center of FOV is 175 Microns 
or .3609036 degrees 

right of Absolute zero 

DISTORTION DATA: 
MAGNIFICATION VALUE FOR GRAPH TRIAL = 1.0189510 

Position in degrees X Distortion 
20.1797 -0.0556 X 
16.8181 -0.5828 X 
13.4565 -0.7273 X 
10.0950 -1.0919 x 

6.7334 -1.7839 X 
3.3719 -1.7094 x 
3.3512 -1.1031 x 
6.7128 -1.4793 x 

10.0744 -0.8851 X 
13.4359 -0.5692 X 
16.7975 -0.4534 x 
20.1590 0.0556 X 

- - 
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DEVICE TYPE =AN/AVS-G(V)1 TEST DATE =11-22-1993 Time:16:54:02 
SERIAL# =960A TUBE =RIGHT 

RUN #4 HHB 

FOV Specification Limits: 38 - 41 Degrees 
FIELD-OF-VIEW = 40.349 degrees- PASSED - 
MAGNIFICATION = 1.020X- PASSED - 

Center of FOV is 127.5 Microns 
or .2629441 degrees 

right of Absolute zero 

DISTORTION DATA: 
MAGNIFICATION VALUE FOR GRAPH TRIAL = 1.0195090 

Position in degrees X Distortion 
20.1735 -0.0222 % 
16.8119 -0.5666 X 
13.4504 -0.6562 X 
10.0888 -1.0330 % 

6.7272 -1.5948 X 
3.3657 -1.7328 X 
3.3574 -1.4908 X 
6.7190 -1.4729 x 

10.0806 -0.9503 x 
13.4421 -0.5930 x 
16.8037 -0.5149 % 
20.1652 0.0222 % 
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